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NOTES
TABLE 1- MAXIMUMOBSERVEDSHIFTS(dmax) AND
EQUILIBRIUM DATA (K, do) FOR DDT COMPLEXESWITH
INDOLESIN CARBONTETRACHLORIDE·AT 310
at C-2or C-3atomor both,theseatomsbeingcon-
jugatedto therestof the molecule.
The formationof the abovecomplexesis related
with the modeof actionof DDT and, further,it
providessubstantialsupport to Holan's theory'
of toxicity proposedrecentlyin modificationof
Mullins theory17.Yet, the third probablesite of
interaction,i.e. trichloromethylgroup in DDT,
remainsto be investigated.
The authoris gratefulto the State Councilof
ScienceandTechnology,UP for financialsupport,
to Miss Katie Reimerfor t.echnicalassistanceand
to Prof. S. H. Lin for somehelpfuldiscussions.
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Cathodicand anodicpolarizationbehavioursof n-
andp-Ge electrodeshavebeenstudiedin O·INa.so,
with and without chloramine-ToThe processof
reductionis foundto involveinjectionof holesin the
valencebandelectronsof thesemiconductor.
do
(Hz)
34·0
28·0
23·5
dmax
(Hz)
2·0M
3·0M
4·0M
Maximum
donor
conc·t
Donor
3-Methylindole
2-Methylindole
Indole
benzhydrylprotonis not dueto a solventeffectbut
due to molecularcomplexformation. The effect
of donorontheresonancepeaksof prenylicprotons
in DDT couldnotbestudieddueto theiro\;erlapping
naturewith the protonresonanceof indoles. The
rangeofdonorconcentration,themaximumobserved
chemicalshiftsandsomeequilibriumdataaroesum-
marizedin Table 1.
The utility of chemicalshift in the study of
'It-complexformationhas been demonstratedby
variousworkers1H2.Similar resultshaverecently
beenreportedby Ross and Biros111on moleculas
complexesof DDT with aromaticdonors,
Molecularorbital calculations1'on ineoles and
substitutedindolesusingthefrontier-electrondensity
principle1&supportthe suggestionof Szent-Gyorgyi
etal.16regardingsomewhatlocalized'It'chaT{;'e-transfer
interaction involving C-2-C-3 atoms of indoles.
Valuesof equilibriumconstantsin tl:epre~entwork
are in good agreementwith this hypothesis.Tl,e
introductionof methylgroupin the2-or 3-position
increasesthe valueof K (Table1). Highestvalue
of equilibriumconstantobtainedin H.e caseof 3-
methylindoleis indicativeof the most effective
increasein electrondensityand, hence,a formal
negativecharge,by methylationat the 3-position.
The interaction of a donor molel-ruewith an
acceptormoleculeis probably,localized,in tre
respectthat on complexationthe rerturbationof
the electrondensityin the conor moleculeis not
uniformly distributed over the whole molecule.
From the presentwork it is not possibleto say,
whetherthis affectsthe geometricalorientaticnof
the donor and acceptormoleculesrelati,e to one
another,althoughsomedegreeoforientationtowards
suchsitesofhighelectrondensitymightbeexrected.
However,it should be recognizedthat with an
acceptorsuchas DDT, whichhasa largemolecular
volume, a completelylocalized interactionat a
particularregionin theindolenucleusisnotpossible.
Thus, it had to be supposedthat the electron
actuaUycamefromthe'It-electronpoolof thewhole
indolemolecule,whiletheactualtransJertook~lace
K
(litre
mole-1)
0,308 64,6
±0·010 ±3'3
0,330 60'6
±0·013 ±H
0,468 52·8
±0·024 ±3'8
.In recentyearstheuseof carbontetrachlorideas••inert"
solvent has been questioned. Unfortunately the volume
magneticsusceptibility for this solvent which would be a
rigorous index of its" inertness" is not available. Though
it is reportedthat it interactsvery weakly with aromaticsI
(K=,....,O·Ol litre mole-1),but still, it was the best choicein
our study amongavailable "inert" NMR solvents,due to
severaladvantagesspeciallythe solubility of donorspecies.
tA concentratedsolution (~4'OM) of indolehas an NMR
spectrumsimilar to that of a moredilute (0·5M) solutionin
carbon tetrachloride',thereby excluding any possibility of
self-association.
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T E rateof electrochemicalreactionata semicon-
ductor electrodesubstantiallyde?endson the
ele tron structureof the semiconductortogether
wit the phenomenonoccurringin the solutionor
sol tion-semiconductorinterface. The redox re-
actons,in particular,arespecificin the sensethat
de endinguponthe redoxpotentialof the system
an biasedpotentialboth conductionbandelectron
an valencebandelectronsmayparticipatein the
rea tion. A numberof relox reactionsinvolving
th changein the oxidationstatesof metalions
ha e been studiedbut the mechanismof redox
rea tioninvolvingorganicreagentshasbeenscarcely
inv stigated. In the presentnote the redox be-
ha iourof chloramine-Tat thesurfaceofgermanium
sin Ie crystal has been investigatedin acidic
me ium.
he resultsof cathodicand anodicpolarization
of fgermaniumelectrodesin acidic solutions of
chI ramine-T(GR, E. Merck) havebeenrecorded
gal anostaticalIyin a stirredsolutionin dark, as
desribedearlier1.
he solutionof sulphuricacid (BDH, Analar),
use as supportingelectrolyte,waspre-electrolysed
bef re use. All the solutionswere preparedin
do bly distilled water. The solutionsof chlor-
amne-T Were standardizediodometrically2. The
g'er aniumsingle crystals were suppliedby MIs
M lard Ltd, London. The type of conductivity,
speifie resistanceand surfaceorientationswere
det rminedby usualprocedures3.
heresultsobtainedfor thecathodicpolarization
-Geelectrodein O·lN sulphuricacidshowawell-
loped saturationcurrent densitywhereason
n- the overpotentialincreases teadilywith in-
eresing current density. On the addition of
chI ramine-T to sulphuricacid both the electrodes
behve in similarfashiontowardscathodicpolari-
zati n. Well-developedsaturationcurrentdensity
is bservedon both the cathodes,the magnitude
of which decreaseswith concentrationof the
red ctant,a behavioursimilarto that observedfor
the reductionof ferricyanideions1 and eerieions4.
In oth the casesit has beenfoundthat valence
ban electronsparticipatein the reductionprocess.
Th efore,it maybe concludedthat the reduction
of hloramine-T at the surface of germanium
elecrode involvesparticipationof valenceband
elecrons.
T e participationof valenoebond electronsin
the reductionprocesshas beenfurtherconfirmed
fro thecomparisonofanodicpolarizationbehaviour
of - and p-Ge electrodes.The curvesfor ?~-Ge
ano e exhibit well developedsaturationcurrent
denity whereasnosuchsaturationof anodiccurrent
on -Ge is observed. In the caseof n-Ge anode
an ncreasein saturationcurrentdensityon the
addtion of the reductantto sulphuricacidis ob-
ser d. GerischerandBeckl,6havereportedsimilar
behviour of anodic polarizationcurVe for the
red ction of ferricyanideions on ?1.-Gelectrode
and concludedthat durin~the reductionprocess
val cebandelectronsWereinvolved.
T e anodicpolarizationcurvein sulphuricacid
repr sentsthe dissolutioncurvefor germaniumas
a r utt of consumptionof holes5,7. The increase
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in saturationcurrentdensityindicatesthat there
should exist some sourceof extra holes in the
valanceband. Thiscanbeexplainedif chloramine-T
is assumedto be ~educedby extractingelectrons
from valenceband. Therefore,as chloramine-Tis
reduced,the numberof holesin valencebandin-
creaseswhich in turn increasesthe saturation
current density. Thus, chloramine-Tis reduced
on the surfaceof germaniumsemiconductorwith
injectionof holesin the valenceband.
The solutionof chloramine-Tis photosensitive8,
therefore,it hartnotbeenpossibleto studytheeffect
of light illumination on the polarizationcurves,
wh.ich.couldhavegivenfurthersupportto ourpro-
posedmechanism.
The authoris indebtedto (late)Dr D. Singhfor
suggestingthe problemand thanks Prof. C. V.
Agrawalof the Institute of Technology,Banaras,
for encouragement.
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Heatsof formationof someorganiccompounds
containingnitrogen,oxygen,sulphurandhalogensas
heteroatomshavebeencalculatedusinga simplified
versionof IOC-OJ-technique.Theresultsareinagree-
mentwiththeavailableexperimentaldata.
KRISHNA andcoworkersHhaveusedthe IOC-<.t)
techniquefor calculatingtheheatsof formation
of somer.itrogen containingheteromoleculesand
the resultsobtainedare in fairly good agreement
with the availableexperimentalresults. The heats
of formationof somecyclazinescalculatedusing
IOC-<.t)echniqueare reportedin this note.
The heat of formationof an organiccompound
is equalto thesumof the total Tt-bondanda-bond
energies(Eq. 1).
-/)"Hf=E"b+Eab •..(1)
The Tt-bondenergy(E"b) canbe obtained using
Eq. (2).
E"b =-[(i)~q,(1-q,)-(i)shhq,p,j+2~~~P,s ...(2), j<, ,<s
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